Patients with active rheumatoid arthritis (RA) have increased cardiovascular mortality, paradoxically associated with reduced circulating lipid levels. The JAK inhibitor tofacitinib ameliorates systemic and joint inflammation in RA with a concomitant increase in serum lipids. We analysed the effect of tofacitinib on the lipid profile of hyperlipidaemic rabbits with chronic arthritis (CA) and on the changes in reverse cholesterol transport (RCT) during chronic inflammation.
Introduction
Rheumatoid arthritis (RA) is a chronic, systemic, inflammatory autoimmune disorder causing symmetrical polyarthritis and affects at least 1% of the world population (Majithia and Geraci, 2007) . The most frequent comorbidity of RA is cardiovascular disease (CVD), which is also the leading cause of mortality (Meune et al., 2009) . Paradoxically, active RA is associated with reduced levels of LDL cholesterol (LDL-C), HDL cholesterol (HDL-C) and total cholesterol (TC; Choy and Sattar, 2009; Johnsson et al., 2013) , changes that hinder the assessment of CVD risk (Choy et al., 2014) . In fact, an inverse relationship between C-reactive protein (CRP) and circulating lipid levels has been observed (Johnsson et al., 2013) . Furthermore, some disease-modifying antirheumatic drugs (DMARDs) have been described as increasing serum LDL-C and HDL-C levels (Robertson et al., 2013; CharlesSchoeman et al., 2016b) . Although the reduction of chronic systemic inflammation seems to be responsible for these phenomena (Khovidhunkit et al., 2004; Robertson et al., 2013; Tall and Yvan-Charvet, 2015) , the mechanisms associated are still poorly understood. In fact, similar reductions in disease activity and systemic inflammatory parameters can be achieved by different treatments, although their effects on the lipid profile are variable (Souto et al., 2015) . Therefore, aside from a dampening of inflammation, additional and specific mechanisms may be responsible for the lipid balance induced by different treatments (Robertson et al., 2013; Souto et al., 2015) .
Macrophage activation is central to atherosclerosis and the development of CVD and is responsible for lipid uptake and foam-cell formation within the atherosclerotic plaque (Tall and Yvan-Charvet, 2015) . Cholesterol efflux (CE) from macrophages is critical not only in preventing atherosclerotic lesions but also in avoiding the toxic effects of elevated cholesterol concentration at a cellular level. The initial step in reverse cholesterol transport (RCT) is the CE from the cell to acceptor particles through specific transporters. ATP-binding cassette A1 (ABCA1) on macrophages promotes phospholipid and CE onto pre-β-HDL particles, whereas ATP-binding cassette G1 (ABCG1) transfers cholesterol onto mature HDL. Then, free cholesterol is further esterified and can be either taken up by the liver via the scavenger receptor class B type I (SR-BI) or transferred to different lipoproteins (Luo et al., 2010) . Patients with RA show specific alterations in different circulating lipoproteins related to their composition and in the ability of these particles to elicit cholesterol efflux from macrophages (Charles-Schoeman et al., 2012; Ronda et al., 2014) . Recent data indicate that the plasma cholesterol ester fractional catabolic rate is increased in RA patients (Charles-Schoeman et al., 2015) . However, little is known of specific alterations in the macrophage CE during RA.
Tofacitinib (TOFA, CP-690550) is an oral inhibitor of the Janus kinase (JAK) family, which has been approved by the US Food and Drug Administration and the European Medicines Agency for the treatment and prevention of RA and other immune-mediated diseases. A proportion of patients receiving tofacitinib exhibited increases in mean HDL-C, LDL-C, TC, apolipoprotein A-I and apolipoprotein B levels within the first 4-8 weeks of treatment Kremer et al., 2012; van Vollenhoven et al., 2012) with a low incidence of cardiovascular events (Charles-Schoeman et al., 2016a) . The JAK/STAT pathway, and particularly IFNγ, has been proposed to be a key pathway in the regulation of CE from macrophages (Hao et al., 2009) . This cytokine has been broadly recognized as an activator of synovial macrophages and a key contributor to the pathogenesis of rheumatoid arthritis and other autoimmune diseases (Dolhain et al., 1996; Schulze-Koops and Kalden, 2001; Milman et al., 2010; Kennedy et al., 2011) . In addition, it has previously been shown to be of relevance in the early response to tofacitinib in RA patients (Maeshima et al., 2012; Boyle et al., 2015) . However, the specific mechanisms underlying the effect of JAK inhibition on RCT and its significance are currently unclear.
We hypothesized that inflammation would favour the accumulation of lipids within tissue macrophages such as those from the inflamed synovium. Such an accumulation could account, at least partially, for the reduction in circulating cholesterol observed in RA patients. Tofacitinib may prevent this process, conceivably by acting on RCT pathways, thus further explaining how serum lipid levels increase with the treatment.
We developed a rabbit model of chronic arthritis (CA) in which the animals are fed a high-fat diet (HFD) that mimics the lipid paradox seen in RA patients (Romero et al., 2010) . We aimed to study the effects of tofacitinib on the serum lipid profiles of these rabbits and the changes occurring in the synovium. Furthermore, we went deeper into the role of tofacitinib-induced JAK/STAT blockade on the CE from macrophages.
Methods

Animal model
New Zealand male white rabbits of 3 months of age, weighing 2.7 ± 0.15 kg (Granja San Bernardo, Navarra, Spain), were housed individually in cages with transparent walls (0.50 m of cage height and 0.6 m 2 of floor space) exposed to a 12 h light/dark cycle. Rabbits were randomly assigned to three groups: healthy rabbits (control group, n = 6), CA rabbits (CA group, n = 9) and CA rabbits receiving tofacitinib (CA + TOFA group, n = 9). All animals were fed ad libitum with a HFD (0.5% cholesterol and 4% peanut oil). Antigen-induced CA was induced in 18 animals as described previously (Largo et al., 2008) . Briefly, four weekly intra-articular injections of ovalbumin (OVA; SigmaAldrich, St. Louis, MO, USA) were given to previously immunized rabbits in both knees in order to resemble the disease flares. After the second intra-articular injection, nine CA rabbits received tofacitinib (10 mg·kg À1 ·day À1 , early in the morning) and nine CA rabbits received placebo, p.o. via gavage as previously described for mice and rats (Dowty et al., 2013; Fujii and Sengoku, 2013; Thacker et al., 2017) , until the end of the study (Supporting Information Figure S1 ). Six saline-injected animals were used as controls. In order to eliminate bias, blinding was performed by using a non-consecutive numerical code for each animal. The scientist in charge of preparing the intra-articular injection (OVA or saline) was different from the one performing the injections, and the same applies for the administering of tofacitinib or placebo, which were given without knowing whether the animal was arthritic or not. In addition, the outcomes were assessed blinded to group assignment. Body weight and food intake were monitored at baseline and once per week throughout the study. All the rabbits were killed by an overdose of intra-cardiac pentobarbital (50 mg·kg À1 ; tiobarbital; Braun Medical SA, Barcelona, Spain) 4 weeks after the first intra-articular injection and 1 day after the last intra-articular injection. Blood was collected, just before the animals were killed, from the marginal ear vein of the rabbits after overnight fasting. Blood was allowed to clot, centrifuged, and serum was frozen in aliquots. Synovial tissue was collected and cut in two equal pieces for paraffin and OCT embedding. Rabbits have been widely used as a model of CA since it resembles RA in its chronicity, pathogenesis and histological manifestations (Jasin, 1988) . In addition, they have been claimed as the model of choice for the study of lipoprotein metabolism (Yanni, 2004; Fan et al., 2015) . As opposed to rats and mice, lipoprotein metabolism in rabbits is similar to humans. Specifically, the main cholesterol pool is from hepatic origin, LDL is the major plasma lipoprotein and they also have an abundant plasma cholesteryl ester transfer protein activity, which is essential for cholesterol metabolism (Tall, 1993) .
Animal studies are reported in compliance with the AR-RIVE guidelines (Kilkenny et al., 2010; McGrath and Lilley, 2015) . All animal care and experimental protocols for this study complied with the Spanish regulations and the Guidelines for the Care and Use of Laboratory Animals drawn up by the National Institutes of Health (USA) and were approved by the Institutional Ethics Committee of the Fundación Jiménez Díaz Hospital.
Determination of CRP and lipid profile in rabbit serum
Levels of TC and HDL-C were measured in serum by Advia® 2400 Chemistry System (Siemens Healthcare Diagnostics, Tarrytown, NY, USA). LDL-C was estimated by the Friedewald equation. CRP was measured with a specific commercial enzyme-linked immunosorbent assay (ab157726; Abcam, Cambridge, UK).
Histology
Synovial histopathology was evaluated in haematoxylineosin (H&E) stained sections of 4 μm by two blinded observers as previously described (Krenn et al., 2002; Alvarez-Soria et al., 2006) . Briefly, lining hyperplasia, fibrovascular alterations at the interstitium, and the tissue infiltration were independently evaluated using 0-to 3-point subscales, where 0 indicates absence, 1 mild, 2 intermediate and 3 strong. The total score was obtained from the sum of partial grades with a maximum total score of 9. In order to assess the lipid content within the synovium, two consecutive sections of 10 μm were obtained with a Leica CM1850 cryostat (Leica Co., Germany) and then air dried and fixed in 10% formalin. Subsequently, one slice was stained with H&E, and the consecutive slice was rinsed in deionized water and immersed in a 60% Oil Red-O (ORO) working solution (Sigma-Aldrich) for 30 min. After three rinses, the tissue was counterstained with haematoxylin and mounted in Glycergel Aqueous Mounting Medium (Dako, Glostrup, Denmark). Sections were photographed using an automated iScan Coreo slide scanner (Ventana Medical Systems, USA). Five random areas per slide, excluding adipocytes, were selected blinded to group assignment and quantified with ImageJ software, and the percentage of positive stained area was calculated. In order to show the percentage of change seen with the treatment, the Y axis was set so the CA group value is 100% and results are expressed as the percentage of the mean value of the CA group.
Immunohistochemistry of rabbit macrophages in synovium
Synovial macrophages were identified by immunohistochemistry as previously described (Prieto-Potín et al., 2013) . Briefly, tissue sections (4 μm) were deparaffinized and rehydrated in an ethanol series. Sections were blocked for non-specific binding with 4% BSA and 3% sheep serum and then incubated overnight with a monoclonal anti-rabbit macrophage antibody (clone RAM11; Dako, Glostrup, Denmark). The antibody was detected with a biotinylated goat anti-mouse IgG (GE Healthcare, Little Chalfont, Buckinghamshire, UK) visualized with a horseradish peroxidase/ABC complex using 3,3 diaminobenzidine tetrahydrochloride as the chromogen (Dako, Golstrup, Denmark). The tissues were counterstained with haematoxylin and mounted in DPX medium (VWR International, Leuven, Belgium). Sections were photographed using an automated iScan Coreo slide scanner (Ventana Medical Systems, USA). Five random areas per slide (including or not adipocytes) were selected blinded to group assignment and quantified with Image J software. Results are expressed as a percentage of positive stained area. An IgG isotype was used as a negative control.
Isolation and oxidation of LDL
Human LDL was isolated and oxidized from a fresh plasma pool by sequential ultracentrifugation as previously described (Moreno et al., 2009 ).
Cell culture
THP-1 monocytes were obtained from the American Type Culture Collection (Manassas, Virginia, USA). They were grown at 37°C and 5% CO 2 in RPMI 1640 (Gibco BRL, Grand Island, NY, USA) supplemented with 10% decomplemented FBS, 50 U·mL À1 penicillin, 50 U·mL À1 streptomycin and 2 mM L-glutamine (Gibco BRL). THP-1 monocytes were differentiated into macrophages in the presence of 100 nM PMA (Sigma-Aldrich) for 24 h before being used in experiments.
Silencing of ABCA1 in THP-1 cells Red O working solution (Sigma-Aldrich). Cells were observed in a Leica DFC420C microscope with 400× magnification and then photographed using a Leica DFC420 C Digital Camera blinded to group assignment. ImageJ was used to quantify Oil Red O intensity as previously described (Mehlem et al., 2013) . The given results are the mean percentage of the positive stained area from five random fields per condition. Normalization per number of cells has been performed in order to ensure that the changes shown are due to differences in the lipid content regardless of cellularity.
Western blotting
Total cell lysates, 35 μg, were loaded onto an 8% SDSpolyacrylamide gel, electrophoresed for 2 h at 100 V and then transferred to a nitrocellulose membrane in a semi-dry TransBlot device (Bio-Rad, Madrid, Spain) for 30 min at 25 V. Membranes were blocked in 3% skimmed milk for 1 h at room temperature and then incubated with antibodies against ABCA1 [AB.H10] at 2 μg·mL À1 , ABCG1 [EP1366Y] at 100 ng·mL À1 and liver X receptor α (LXRα) [EPR6508
CA, USA) and α-tubulin at 0.65 μg·mL À1 (Sigma-Aldrich) as the loading control. Antibody binding was detected by chemiluminescence using peroxidase-linked species-specific secondary antibodies purchased from GE Healthcare (Little Chalfont, Buckinghamshire, UK). Results are corrected by α-tubulin in order to normalize the loading, and by the control group (HDF serum-or oxLDL-only) in order to avoid bias due to differences in the intensity of the chemiluminescent signal between blots.
RNA isolation and RT-PCR
RNA was isolated using TRIzol reagent (Roche Diagnostics, Barcelona, Spain), dissolved in nuclease-free water and quantified using a NanoDrop ND1000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). cDNA was obtained from 1 μg of total RNA using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA) following the manufacturer's instructions. RNA expression was quantified by single-reporter real-time PCR using the Step One Plus Detection system (Applied Biosystems). The specific TaqMan probe for ABCA1 (Assay ID: Hs01059118_m1) was purchased from Applied Biosystems. Quantitative measurements were determined using the ΔΔCt method, and expression of 18S was used as the internal control.
Statistical analysis
Data were analysed by non-parametric Kruskal-Wallis test followed by Dunn's multiple comparison test for comparisons between multiple groups and Mann-Whitney U-test by pairwise comparisons between two groups. Correlation coefficients were calculated using a non-parametric Spearman correlation. Non-parametric tests were used because of the small sample size and the lack of normality and homogeneity, as tested by Shapiro-Wilk test and Levene's test respectively. A P-value of less than 0.05 was considered significant. Statistical analysis was performed using Windows SPSS 21.0 (SPSS, Inc., Chicago, IL, USA). The data and statistical analysis comply with the recommendations on experimental design and analysis in pharmacology (Curtis et al., 2015) .
Nomenclature of targets and ligands
Key protein targets and ligands in this article are hyperlinked to corresponding entries in http://www. guidetopharmacology.org, the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY (Southan et al., 2016) , and are permanently archived in the Concise Guide to PHARMACOLOGY 2015/16 (Alexander et al., 2015a,b,c) .
Results
Systemic alterations in a rabbit model of CA that reproduces the lipid paradox CA rabbits gained significantly less weight than the corresponding HFD-fed controls (Table 1) . tofacitinib partially restored weight gain in CA rabbits. Furthermore, tofacitinib attenuated the increase in circulating CRP observed in CA animals. Regarding serum lipids, CA rabbits showed lower levels of TC and LDL-C than control rabbits. TC and LDL-C concentrations tended to increase with tofacitinib, while TC/HDL-C was significantly increased in CA + TOFA rabbits when compared with untreated CA animals ( Table 1) . Our data also show that serum TC and CRP concentration were inversely correlated in our rabbits, (P < 0.05, r = À0.454; Supporting Information Figure S2 ), as has been observed in RA patients (Charles-Schoeman et al., 2016b).
Synovial histopathology
CA induced an increase in synovial inflammation, with an enlargement of the synovial lining layer and a marked infiltration of inflammatory cells with lymphoid aggregates. CA synovium also showed stromal hypercellularity with densely located fibroblast-like cells. Tofacitinib partially reversed the Tofacitinib restores RCT inhibition in RA BJP increased lining hyperplasia and reduced the inflammatory infiltrate in CA animals. As a result, the global score was diminished in the treated group ( Figure 1A -C, G).
Macrophage infiltration and presence of lipids within the synovium
The synovium of both treated and non-treated CA rabbits exhibited extensive infiltration of lipid-loaded macrophages, both in the synovial lining and sublining ( Figure 1E, F) . Quantification of macrophage density revealed that tofacitinib did not have a significant effect on macrophage infiltration ( Figure 1H ). We also quantified the amount of lipids within synovial cells (verified by H&E staining in consecutive sections) with the exception of the adipose tissue of the synovium. Quantification of Oil Red O staining revealed that CA + TOFA rabbits showed a 58% reduction in the amount of lipids within synovial cells in comparison with untreated CA rabbits (Figure 2 ).
Cholesterol efflux impairment in IFNγ-treated foam THP-1 cells and reversal by tofacitinib
We next explored whether tofacitinib was able to reduce intracellular lipid content in in vitro lipid-loaded macrophages. THP-1-derived macrophages were incubated with increasing concentrations of a pool of hyperlipidaemic serum from HFD-fed rabbits (0.5-8%), without subsequent exposure to the efflux medium. Intracellular Oil Red O staining of lipidloaded THP-1 cells increased in a dose-dependent manner ( Figure 3A, F) . The serum concentration for further experiments was set to 4%.
Thereafter, we studied the effects of IFNγ on the lipid content of THP-1 macrophages and the role of the JAK/STAT pathway. After a 6 h period of incubation in the efflux medium containing Apo-AI, we observed that the amount of lipids remaining inside the HFD rabbit serum-stimulated cells in the presence of IFNγ ( Figure 3D ) was higher than that seen in the corresponding control ( Figure 3C, G) . This impaired lipid release was prevented when cells were also treated with tofacitinib ( Figure 3E, G.) . Results for cells stimulated with tofacitinib only were similar to those for cells treated with the hyperlipidaemic serum only ( Figure 3G ).
Tofacitinib restores IFNγ-induced down-regulation of ABCA1 protein expression in THP-1 cells pretreated with HFD rabbit serum or with h-oxLDL
After 24 h of treatment, IFNγ reduced the protein levels of ABCA1 in HFD serum-treated THP-1 cells, whereas the levels of ABCG1 remained unchanged. This phenomenon was accompanied by an increase in STAT1 phosphorylation. Tofacitinib was able to increase ABCA1 protein levels after IFNγ exposure, thus indicating that the JAK/STAT pathway plays a key role in the impaired CE induced by this cytokine. The protein expression of LXRα did not change in these conditions ( Figure 4A ).
We also studied the effect of tofacitinib in lipid-loaded macrophages transformed with h-oxLDL in order to clarify whether these effects were due to an increase in the lipid concentration, independently of other mediators present in the rabbit serum. IFNγ reduced the amount of ABCA1 in hoxLDL-treated cells, while ABCG1 protein levels tended to decrease. In parallel, the expression of LXRα was diminished in this inflammatory milieu. In response to tofacitinib treatment, ABCA1 protein levels increased and ABCG1 levels tended to increase, although statistical significance was not reached in the latter. Remarkably, this pan-JAK inhibitor only restored LXRα protein levels when STAT1 phosphorylation was completely abolished ( Figure 4B ).
ABCA1 mRNA levels increased in the presence of IFNγ and decreased after JAK blockade (Supporting Information Figure  S3 ) both in HFD serum-and h-oxLDL-treated cells.
Cholesterol efflux impairment in IFNγ-treated foam THP-1 cells is prevented by tofacitinib via ABCA1
In order to assess whether the effect of tofacitinib on CE was ABCA1-dependent, we silenced ABCA1. We observed that the amount of lipids remaining inside the vehicle + IFNγ-treated cells in the presence of the hyperlipidaemic serum was higher than that in the corresponding controls. Tofacitinib diminished the intracellular lipid content by 36% in vehicle + IFNγ-stimulated cells. Results for cells stimulated with vehicle + tofacitinib only were similar to those for cells treated with vehicle + hyperlipidaemic serum only Table 1 Systemic alterations in a rabbit model of CA Control (n = 6) CA (n = 9) CA + TOFA (n = 9) BJP S Pérez-Baos et al.
( Figure 5A ; Figure 5B , upper panels). The lipid content within ABCA1-silenced cells was significantly increased in comparison with their vehicle-treated counterparts, except for the cells that had been incubated with the basal medium only. Tofacitinib showed no effect in preventing lipid accumulation in IFNγ-stimulated ABCA1 silenced cells ( Figure 5A ; Figure 5B , lower panels).
Discussion
Here, we have demonstrated that HFD-fed CA rabbits had lower serum LDL-C and TC than control HFD-fed animals and showed an increase in serum CRP levels and synovitis. Tofacitinib treatment diminished the serum CRP level and ameliorated synovial inflammation along with an increase in TC/HDL-C ratio. Therefore, our model adequately reproduced the lipid paradox described in RA patients, characterized by an inverse correlation between circulating lipids and disease severity. Different studies have focused on serum soluble factors to explain the driving forces behind dyslipidaemia in RA. Circulating HDL particles from RA patients seem to have a decreased ability to elicit CE from macrophages (CharlesSchoeman et al., 2012; Ronda et al., 2014) . Furthermore, an increase in cholesterol ester catabolism in RA patients has been associated with a decrease in cholesterol concentration, and this effect was abolished by tofacitinib (CharlesSchoeman et al., 2015) .
We hypothesized that additional cellular mechanisms could account for the altered lipid metabolism in RA. In particular, activated macrophages could accumulate lipids during chronic inflammation, thus being partially responsible for the reduction in circulating cholesterol. Previous work by our group showed that foam macrophage infiltration boosted synovitis in CA rabbits (Prieto-Potín et al., 2013) . Both in that study and in the current work, we observed that rabbits with increased systemic inflammation showed an accumulation of lipids within synovial cells, especially within macrophages. In addition, we found that a decrease in CRP was associated with a decrease in the lipid content within synovial macrophages. It has been suggested that other cells, such as adipocytes, exhibit a dysfunction in lipid metabolism in response to chronic inflammation (Bag-Ozbek and Giles, 2015) . Adipose and synovial tissue share common features in terms of cell composition and macrophage infiltration during tissue inflammation. In this regard, pro-inflammatory cytokines could induce lipid accumulation within tissue compartments due to alterations in RCT pathways as described in inflamed adipose tissue (Lu et al., 2006) .
Using this experimental approach, we have been able to reproduce the early stages of a very active form of human RA in the initial phases of DMARD therapy. Our results showed a subtle improvement in joint inflammation, a decreased lipid content within the synovium and no changes in the number of synovial macrophages in tofacitinib-treated animals, indicating that structural changes in the synovium are not among the initial effects induced by this inhibitor. These outcomes are not surprising considering that the last OVA injection was performed only one day before the rabbit was killed. In addition, similar results have been described for RA patients after 28 days of treatment (Boyle et al., 2015) . Nonetheless, 2 weeks of tofacitinib treatment were sufficient to induce a decrease in the amount of lipids within the inflamed synovium, concomitant with a tendency towards an increase in circulating lipids. This prompt effect indicates that lipid changes could be a direct effect of the treatment, rather than a global consequence of dampening inflammation. The whole scenario suggests that JAK inhibition could reduce lipid accumulation in the synovium, thus favouring an increase in circulating cholesterol.
Both acute and chronic inflammation modulate RCT pathways. The acute phase response induced following an injection of LPS into mice interferes with the expression of ABCA1 and other RCT mediators (Tall and Yvan-Charvet, 2015) . Voloshyna et al. observed that plasma from RA patients promoted foam cell transformation of THP-1 macrophages, increased SR-BI expression and down-regulated the mediators of RCT (Voloshyna et al., 2014) .
Our in vitro studies showed that a pro-inflammatory milieu, such as that induced by IFNγ, further increased the lipid conctration inside activated macrophages in the presence of hyperlipidaemic rabbit serum. IFNγ also induced a decrease in ABCA1 protein expression in foam macrophages, alongside Tofacitinib re-established the protein levels of ABCA1 in foam macrophages and brought about a decrease in the lipid content within macrophages that was not observed when ABCA1 was silenced. These data indicate a key role for ABCA1 in RCT from IFNγ-stimulated foam macrophages mediated through the activation of the JAK/STAT pathway. Surprisingly, the lowest dose of tofacitinib did not fully abolish STAT1 phosphorylation despite the increase in ABCA1 levels, thus suggesting the existence of further alternative mechanisms in ABCA1 regulation. In this regard, Frisdal et al. demonstrated that Interleukin-6 (IL-6) secretion was augmented after lipid loading in human macrophages, especially when ABCA1 was down-regulated. In turn, IL-6 induces ABCA1 up-regulation via the JAK-2/STAT3 pathway (Frisdal et al., 2011) . Considering that the IC 50 for blocking IL-6-dependent STAT3 phosphorylation is higher than that needed for abolishing IFN-induced STAT1 phosphorylation, it seems plausible that there could be a balance towards STAT3 signalling at this treatment point, thus allowing the IL-6-induced up-regulation of ABCA1 protein. This finding is of particular interest considering the preliminary results from our laboratory (in preparation), in which we observed a decrease in synovial phospho-STAT1 after tofacitinib treatment, whereas STAT3 remained phosphorylated. Therefore, the possibility that IL-6-induced STAT3 phosphorylation, which then favours cholesterol efflux in the synovium, occurs in vivo cannot be dismissed. In this regard, further studies are needed to clarify the role of the different JAKs and STATs in our particular system. ABCA1 protein expression has been demonstrated to be both LXRα-dependent and independent, and transcriptional and post-transcriptional mechanisms have also been shown to be involved in its modulation (Alfaro Leon et al., 2005; Chen et al., 2007; Pascual-García et al., 2013) . In this regard, LXRα protein expression remained unchanged in HFD rabbit serum-treated THP-1 cells. This could be due to the existence of multiple factors in the serum, which could modulate this system. When THP-1 cells were incubated with h-oxLDL, ABCA1 and LXRα synthesis were changed in parallel both in the absence and presence of tofacitinib. Additionally, LXRα protein levels were only fully restored at a dose at which STAT1 phosphorylation was completely abolished. This suggests that a complete blockade of STAT1 phosphorylation is pivotal in the up-regulation of LXRα protein expression after IFNγ treatment. Noteworthy, gene expression studies revealed a possible negative feedback at the time of study. Gene expression did not parallel protein presence, probably reflecting the transcriptional and post-transcriptional regulation of ABCA1. Furthermore, different feedback regulatory mechanisms could account for this discrepancy.
The crosstalk between STAT1 and the LXRα has been demonstrated previously (Pascual-García et al., 2013) , although its involvement in the synovial macrophages during RA has not yet been fully explored. Asquith et al. reported that the LXR pathway is up-regulated in synovial macrophages from RA patients and showed a pro-inflammatory role for this nuclear receptor in a murine collagen-induced arthritis model (Asquith et al., 2009; . However, LXR agonists have been shown to ameliorate inflammation in several autoimmune models in vivo (Joseph et al., 2003; Birrell et al., 2007; Chintalacharuvu et al., 2007; A-Gonzalez et al., 2009; Park et al., 2010; Cui et al., 2011) , suggesting that LXR agonists could have an antiinflammatory effect in some contexts. Whether the induction of LXRs by tofacitinib has a pro-or an anti-inflammatory effect in the synovium remains to be determined.
The potential weaknesses of our work include, on the one hand, a plausible confounding effect of the high cholesterol levels found in our animals. Hypercholesterolaemic rabbits have been claimed as the animal model of choice for the study of lipoprotein metabolism (Yanni, 2004; Fan et al., 2015) . However, such high concentrations could appear to be 'artificial'. Nonetheless, the effects of CA-related inflammation on reducing these high circulating lipid levels and the prompt effects of the treatment on lipid management justify the reliability of our model in mimicking the lipid paradox seen in RA patients.
On the other hand, our results in vitro only confirm that tofacitinib restores the IFNγ-induced RCT-inhibition. Our focus on this cytokine relies on its well-described role in RA pathogenesis (Dolhain et al., 1996; Schulze-Koops and Kalden, 2001; Milman et al., 2010; Kennedy et al., 2011) and its effects on RCT in macrophages (Reiss et al., 2004; Alfaro Leon et al., 2005; Hao et al., 2009; Pascual-García et al., 2013; Yu et al., 2015) . In addition, Boyle and co-workers found that IFN-regulated chemokines had a role in the initial synovial response to JAK blockade (Boyle et al., 2015) . Nonetheless, it would be of interest to study different JAKdependent cytokines, such as IL-6, to better characterize the link between the JAK/STAT pathway and dyslipidaemia.
In conclusion, our results suggest that chronic inflammation favours the accumulation of lipids into macrophages -in the synovium and probably in other tissues -thus decreasing serum lipid levels. Tofacitinib may prevent this phenomenon, at least partially, by acting on RCT pathways in macrophages. In fact, it has been recently proposed that the antiatherosclerotic activity associated with different DMARDs that are known to increase serum lipid levels in RA may be mediated by effects on cholesterol handling in macrophages (Ronda et al., 2015) .
Our study is of clinical relevance as it provides a plausible explanation for the reduction in serum cholesterol during RA and partially explains the effect of tofacitinib on the lipid profile of RA patients. A better understanding of lipid changes that occur during inflammation and with anti-inflammatory therapies will aid the management of patients at risk of cardiovascular complications.
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https://doi.org/10.1111/bph.13932 Figure S1 Schematic representation of the experimental model. Antigen-induced chronic arthritis (CA) was induced in 18 rabbits. Four weekly intra-articular injections of ovalbumin (OVA) were given to previously immunized rabbits. Tofacitinib was administered orally in a dose of 10 mg·kg À1 ·day À1 for 2 weeks until the end of the study. Six saline-injected animals were used as controls. Figure S2 Correlation between serum TC and CRP. Spearman correlation, r = À0.454, P < 0.05. 
